In 1993, Anders Ericsson and colleagues published a 44page treatise, ''The Role of Deliberate Practice in the Acquisition of Expert Performance,'' in the journal Psychological Review. 5 In this far-ranging discourse on the origin of expertise, the authors not only reported 2 original studies that they had conducted on violinists and pianists, but also reviewed the literature on skill acquisition in a potpourri of activities, including sports, chess, typing, and even scientific writing. Ericsson et al maintained that the common thread leading to excellence in these endeavors was an extended history of intense, deliberate, effortful practice. Several studies were cited to support the generalization that a decade of such behavior was typically required to achieve the highest level of performance. The authors' own study of violinists further correlated achievement level with the accumulated number of practice hours: By age 18, the best young violinists had accrued an average of 7410 hours, whereas the merely ''good'' musicians had amassed a mean 5301 hours and the yeoman violin teachers, only 3420 hours.
The authors further noted that, in most areas of achievement, the most elite performers began serious practice at an earlier age than less accomplished practitioners, although the best age for commencing deliberate practice varied from one activity to another according to the natural development of the required motor skills. Although individuals who entered deliberate practice at a later age would surpass more casual peers, Ericsson et al asserted, they will never be able to catch up with those who began such practice earlier in life. In fact, the authors added, in their attempt to catch up, the late starters will often develop overuse injuries and quit in frustrated exhaustion.
Ericsson et al expressed skepticism that the elusive quality usually described as talent played much of a role in achieving expertise. They acknowledged that some individuals might possess personality characteristics that allowed them to endure the grueling amount of repetition required, but they added that those perceived as possessing talent in youth were consequently afforded the best instruction and practice opportunities, thus encouraging the required amount of deliberate preparation. Regarding sports and other activities for which certain physical attributes might be advantageous, they grudgingly admitted that some characteristics, notably height, might be principally determined by genetics, but they added that many other physical advantages were largely attributable to the adaptive effects of sustained practice. ''In summary, our review has uncovered essentially no support for fixed innate characteristics that would correspond to general or specific natural ability and, in fact, has uncovered findings inconsistent with such models.'' 5(p399) Although the number is not specifically mentioned in the text, a graph in the article by Ericsson et al indicates that the ''best'' violinists had accumulated about 10,000 hours of practice by age 20. Their paper is therefore often cited as evidence for the widely quoted 10,000-hour rule, which maintains that outstanding performers in a diverse group of fields share a common background of at least that much deliberate practice. 9 Not all psychologists, however, endorse this schema. In the words of one, ''Deliberate practice may be correlated with success because it is a proxy for ability:
We stop doing what we do not do well and feel unrewarded for'' (Sternberg, quoted in Macnamara 15 ), and another, ''It would be a logical error to infer from the importance of practice that talent is somehow irrelevant, as if the two were in mutual opposition'' (Marcus, quoted in Macnamara 15 ). In 2014, Macnamara et al 15 published a meta-analysis of research covering all endeavors for which the effect of deliberate practice had been investigated. They concluded that deliberate practice does correlate positively with expert performance, but it explains only a fraction of the variance in ability: 26% for games, 21% for music, 18% for sports, 4% for education, and \1% for professions.
The obvious allure of the 10,000-hour rule is its implicit endorsement of the democratic ideal: Anyone can become a champion if he or she is willing to put in the time and effort. Even those who accept the premise that an individual's ultimate achievement potential is determined by innate qualities, both quantifiable and intangible, will concede that at some point dedicated practice and training are required to realize that potential fully. The optimal age for commencing deliberate practice and, more specifically, specializing in one sport to the exclusion of all others has become a topic of intense interest in both the sports and sports medicine communities. 2, 4, 10, 13, 14, 16, 19, 20, 23, 26 The debate concerning early sports specialization has focused on 2 main issues: whether early specialization indeed favors optimal performance, and whether it increases the risk of injury, both physical and psychological.
Several authors have challenged the opinion that early specialization enhances the possibility of later athletic success, asserting, to the contrary, that early diversification is the key to superior achievement. 13, 16, 19, 23, 25 through a period of sampling, then gradually reduce involvement in other sports, and finally mature into a highly deliberate practice regimen in the main sport in their midto late teens. 19 With the goal of validating this theory, Moesch et al 19 studied 243 elite and near-elite Danish athletes competing in ''cgs sports''-that is, sports in which the results are measured in centimeters, grams, or seconds. The athletes' responses to a web-based questionnaire revealed that the elite performers reported significantly fewer training hours than the near-elites until age 15, matched them in total practice hours by age 18, and surpassed them in training intensity by age 21. However, the 2 groups did not differ in terms of specialization. Ultimately, the elite athletes spent fewer years on the junior national team but more years on the senior national team. In a similar study among 1558 German athletes on the national squads of all Olympic sports, juvenile success and training frequency had little correlation with later success; in fact, in comparison with their less successful peers, the most elite performers reported later concentration in the main sport and higher absolute as well as relative training volume in other sports. 10 The relationship between cause and effect in these observations is not completely clear; it is possible that motivated but less talented youth practice more intensely to compensate for their deficit in innate ability.
Sports medicine professionals are more concerned with whether early specialization increases the risk of injury than with whether it improves one's chances of garnering an Olympic medal. This concern has prompted multiple editorials and society position statements. 2, 4, 14, 20, 26 The consensus of these opinions warns against early specialization, although exceptions are sometimes acknowledged for sports that are highly technical or in which peak performance seems to occur at an early age. 4, 14, 21 Individual studies of the relationship between early specialization and injury risk are relatively limited in number and are typically retrospective, relying on subject recall for measurement of past sports participation. This design usually makes it difficult to determine whether an observed elevated injury rate is caused by specialization per se, or whether the real culprit is an excessive training volume that often accompanies specialization. 1, 7 A 2014 position statement on overuse injury of the American Medical Society for Sports Medicine stated, ''The relationship between injury and sports specialization has not been clearly demonstrated.'' 4(p e7) A systematic review of the literature on youth sports specialization and musculoskeletal injury, published last year, found only 3 studies that met its inclusion criteria. 6 Although all 3 studies reported an association between specialization and increased injury risk, the authors concluded, ''The primary evidence that currently exists with regard to early sport specialization is scarce, retrospective, and shows only modest associations between early sports specialization and overuse injury. Further prospective research is needed to more definitively determine if early sports specialization in children is associated with increased injury risk.'' 6(p257) Owing to its popularity in the United States, youth baseball has been the subject of considerable interest among American investigators of overuse injury in young athletes. A seminal study that compared adolescent pitchers who sustained shoulder or elbow injuries with uninjured controls found that a number of distinguishing characteristics were associated with injury; many of these seem to reflect the volume of pitching participation. 22 A subsequent 10-year prospective study from the same institution again implicated volume, reporting that boys who pitched .100 innings per year had a 3.5-greater odds of sustaining a shoulder or elbow injury resulting in surgery or retirement from the sport. 8 Other studies have extended beyond baseball to include young athletes in a variety of sports. Another American study-which compared female multisport athletes with those who specialized in basketball, soccer, or volleyballfound a 1.5-fold increased risk of patellofemoral pain in the specialists, mostly related to a 4-fold increase in the risk of specific diagnoses, such as Osgood-Schlatter disease and Sinding-Larsen Johansson syndrome. 11 A cross-sectional survey of 2721 Canadian high school students found that the risk of sports injury increased as the reported hours of weekly sports participation increased, although place of residence, ethnicity, and body mass index were also identified as risk factors. 24 In a case-control study, Jayanthi and colleagues 12 compared 822 injured athletes aged 7-18 from 2 hospital clinics with 368 uninjured controls recruited from children undergoing preparticipation physical examinations. The investigators asked the participants the number of hours per week they spent in organized sports as well as their degree of specialization, reporting that hours of participation and specialization were both independent risk factors for injury.
Various recommendations exist to help young athletes avoid excessive injury risk. In this issue of the American Journal of Sports Medicine, a group of Wisconsin researchers report the ability of several of these ''rules of thumb'' to determine the likelihood of injury in a cohort of 2011 male and female athletes aged 12-18. 23 Participants were recruited from athletic competitions around the Badger State, rather than from hospital injury clinics. Using a historical questionnaire, the authors evaluated 3 common recommendations: Don't specialize in 1 sport; limit participation to \8 months per year; and limit participation to fewer hours per week than your age in years. In fact, the researchers found that all 3 guidelines were meaningful. Highly specialized athletes were more likely to report injuries in general and overuse injuries in particular than those in the low specialization category. Youngsters whose weekly participation exceeded more hours than their age in years also were more likely to recall an injury of any type than those who adhered to this guideline. Finally, youth who played their primary sport .8 months per year were more likely to report overuse injuries in both upper and lower limbs.
The authors of this study readily note a few limitations of their work. As in virtually all such investigations, the sports participation information relied on the accuracy of the participants' recollections and thus was subject to recall bias. Results might be specific for the geographic location of the study and for the precise mix of sports investigated. Finally, the authors acknowledge that it is unclear whether the associations they found between measures of participation volume and injury represent true threshold effects of the selected cutoffs or merely that a greater volume of exposure increases the opportunities for injury.
As orthopaedic surgeons, we tend to connect excessive training with connective tissue maladies such as stress fractures, tendinopathies, and attritional ligament failure, but training overload can also lead to the psychological and physiologic phenomenon often known as burnout. 2, 4, 14 Normal preparation in many ''cgs sports'' routinely involves functional overreaching: intense training that results in a temporary decline in performance that eventually rebounds to a higher level following a tapering period. 3, 18 If the training load is too excessive, a nonfunctional overreaching or overtraining syndrome can develop, marked by prolonged performance impairment; psychological symptoms such as tension, depression, anger, fatigue, and confusion; and hormonal dysfunction. A British study of 376 elite teenage athletes in 19 sports found that 29% of participants had experienced nonfunctional overreaching or overtraining at least once in their past. 17 Ultimately, these phenomena may lead to premature retirement and even a lifelong decrease in physical activity. 2, 20 Early sports participation is a complex and sometimes emotional topic. An individual's approach to the issue may vary, depending on whether one's goal is optimizing public health through widespread lifelong participation in physical activity or the development of a few outstanding Olympic champions. The regimen required to realize a young athlete's competitive potential requires more complexity and individualization than can be summed up in a magical number of training hours. The degree to which specialization is desirable and the optimal age for beginning this transition will depend on the specific sport chosen and the physical, social, and emotional maturity of the individual athlete. It seems ideal that specialization would be part of a natural maturational progression, motivated by the desires of the young athlete rather than dictated by controlling adults. Whether an athlete is specialized or diversified, excessive volume and intensity of training are independent risk factors for physical and psychological injury that demand careful monitoring in the growing competitor and continued research by the sports medicine profession.
